Introduction
Some of the heaviest losses of thin skinned avocado fruit are due to endspots, a name applied by COIT (1) to the type of spoilage that affects mature fruits on the tree. In end-spotted fruit the larger end gradually withers and dries and in some cases the cracking may proceed until the seed is exposed. In another type of end-spot called "speckles," small, dark spots occur as dry, depressed areas in the skin. Among the factors involved (6) are an overmaturity of the skin in the affected portion of the fruit and a desiccation of the fruit surfaces as a result of an extreme water deficit in the tree.
End-spots may become of greater importance in the near future because of the popularity of thin skinned fruit and the need for additional varieties with maturity dates covering the entire season.
The present paper' conisiders certain phases of the growth anid water relations of the avocado fruit. Chemical studies to be reported later furnish data that may aid in gaining an understanding of these physiological diseases. No conclusions are drawn regarding the horticultural application of the results obtained. Investigation GROWTH OF FRUITS From a practical standpoint, growth affects the shape and therefore the marketability of the fruit. From the scientific standpoint, growth governs the distribution of stomata. This distribution in turn is related to water loss and aeration.
In order to arrive at a quantitative measure of the growth of avocado fruits, about twenty-five Northrop fruits of varying sizes were marked on March 23, 1934 , with parallel India ink lines (3 mm. apart) made by means of a rubber stamp. One pair of lines was placed near the tip end,2 another at the location of the largest diameter, and a third near the stem end. All lines were perpendicular to the long (stem to tip) axis.
On May 21, 1934, an average marked fruit was 64 mm. long and 42 mm. wide at its greatest diameter. The average distance apart of the lines near PLANT PHYSIOLIOGY the tip end was 4.18 mm., near the region of largest diameter 5.27 mm., and near the stem end 6.22 mm. The region of least growth lies near the tip end, while that of greatest growth occurs between the region of the largest diameter and the stem end. This type of growth differs from that described by HAAs and BLISS (4) for date fruits, in which the region of greatest growth occurs at the region of attachment.
STOMATAL DISTRIBUTION When young fruits of the thin skinned varieties are about 1 inch in length, they show numerous stomata distributed over almost the entire surface. As the fruits develop, the stomata become separated by greater distances toward the stem than toward the tip end, as seen in figure 1. figure 5 .
The experiment was repeated with about twenty-five fruits of another thin skinned variety (Northrop). Fruits of various sizes were placed in liter beakers containing distilled water. These fruits, which had stems attached, were submerged in water that was frequently changed. At the end of two days no injtury-was observed, largely because the fruits were viewed from the stem end. After two and one-half days the fruits were taken out of the water, wiped dry, and thoroughly examined. Upon standing an hour or so in the dry condition, portions of the skin began to darken. Other experiments were conducted at room temperature to ascertain the period required for such damage to occur. After immersion for 8 hours, only one of the fourteen fruits showed injury after being dry four days, after 32 hours' immersion, five out of the eleven fruits showed injury after being dry 63 hours, after immersion for 48 hours every one of the eight large fruits showed injury after being dry 48 hours, and after immersion for three days each of eleven fruits showed injury after being dry 24 hours. In the long-necked fruits in the lot immersed for the longest period, severe checking3 and darkening occurred on the neck portion. Figure 6 shows the almost complete brown discoloration of the skin of the small Northrop fruits. After remaining in a dry condition overnight the discolored skin turned from brown to black and marked the location of sunken or depressed areas. The underlying pulp tissue was also darkened to varying depths. Frequently the stomata were included in small, sunken areas of dead skin, giving them the appearance of speckles.
The produced by withholding water for too long a time from the soil. Water applied to the soil after wilting appeared did not prevent the abscission of many young fruits. After several weeks the effects became more apparent on the more advanced fruit (about 4 cm. diameter x 7 cm. long). In addition to showing premature coloring, many of these fruits also showed some drying out and shrinkage.
The weak fusion tissue, in addition to absorbing water rapidly, also dries out readily when trees are under considerable stress for water. Fruits of the Northrop variety that were prematurely fully colored or even partially colored, showed, when under a water stress, a sunken, darkened area about this carpellary region ( fig. 8) .
Some of the more mature, but still fully green, Northrop fruits (about 4.5 cm. diameter x 8.5 cm. long) after being immersed nearly 3 days in distilled water and then wiped dry were photographed within an hour after being removed from the water. Figure 9 A shows such a water-injured fruit, together with a control fruit.
Dark areas in the skin and underlying pulp were scattered over much of the fruit. were badly checked. As a result of these checks the dark areas soon lost water and began to sink. These checks are in some respects comparable with those studied and produced by HAAs and BLISS (4) by immersing date fruits in water. Overnight the water-injured fruit illustrated in figure 9 showed such increased injury that it was again photographed after 20 houirs ( fig. 10) August 29, 1935 , many fruits were found on trees at the Citrus Experiment Station that showed injury as a result of checking. Figure 13 shows affected fruits that were photographed under water after rubbing talcum powder into the checks in order to improve their visibility.
These results are of interest because FRAZIER (2) has stated, regarding the cracking of tomato fruits, that the most consistent effect obtained was the cracking after the applications of water to the fruits or to the soil.
Thick skinned fruits on trees grown in soil kept very wet over a prolonged period because of heavy rains may abscise in large numbers. It is possible that such abscission follows a reduced oxygen content of the soil solution which has injured some of the younger roots.
PERMEABILITY OF SKIN.-The relative permeability of stem and tip halves of fruits was investigated by the methods employed by HAAs and KLOTZ (5) in determining the permeability gradients in citrus fruits.
Two lots each consisting of five mature Puebla fruits (somewhat changed from green to mahogany purple color, but firm) were collected November 1, 1932, at Riverside, California. For the permeability tests it was necessary to secure equal surface areas on both halves of the fruit. Equal lengths of 2-inch adhesive tape were placed on the stem half of one lot and on the tip half of the second lot. In both cases the entire fruit was momentarily immersed in paraffin of low melting point. The tape was then removed and the fruits immersed in 700 cc. of tap water for 53 hours.
The data in table I show that the permeability of the skin of the tip halves is greater than that of correspondingly equal areas of skin of the stem halves.
A greater number of stomata occur at the tip than at the stem end ( fig. 1 ).
In fruits of the thick skinned varieties the corky lenticels may be much larger than the stomata which they have replaced and may be so close to one another as to show a coalescence.
Since stomata and lenticels are supposed to function chiefly in gaseous exchange and at the same time to permit a loss of water, the greater number at the tip end would permit a more rapid exudation of substanees that catalyze the reaction involved in the reduction of KMnO,. As has been shown, the permeability of the skin of Puebla fruit is greatest iil the tip half, whereas that of citrus fruit (5) is greatest in the stem half. especially injured the skin tissue at the tip end. The pulp underlying the damaged skin is variously injured, depending on the length of the period of immersion. 6 . Immersion of nearly mature Northrop avocado fruits in distilled water for three days produced: (1) checking in the neck portion at the stem end; (2) carpellary water injury at the tip end, where slight checking also may occur; and (3) injury or death of tissue in the region of the stomata. The more immature the fruits the more rapid the injury, with the exception of cheeking in the neck portion which occurred primarily in the more mature fruits with the prolonged immersion. These injuries were produced both in the laboratory and in the field while the fruits were still attached to the tree. Similar injuries can occur to fruits under natural conditions in the field. 7 . Carpellary water injury was produced in fruits in the field by withholding water for too prolonged a period while the fruits were young. Abscission of some of the small fruits occurs while some of the large ones dry out in the region of the weak fusion tissue of the ovary. The lack, as well as an excess, of water in this region of the fruit brings about somewhat similar effects. Such injury is usually followed later by checking, drying, shrinking, and decay.
8. Checks located only at the tip end were produced in thick skinned, mature fruits of the Tiger variety when immersed for seven days in distilled water while the fruits were still attached to the tree. Tearing of the skin of a nearly mature fruit of the Spinks variety resulted when the tip half of the fruit was immersed for seven days in distilled water in the laboratory.
9. The permeability of the skin of the tip halves of Puebla fruits is greater than that of correspondingly equal areas of skin of the stem halves.
10. The rate of water loss from the tip halves of fruits exceeds that of the stem halves.
11. Small fruits lose water more rapidly than larger (older) ones of the same variety.
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